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(54) MANUFACTURE OF MICROCHIP FOR DETECTION OF TUNNEL CURRENT, 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for a microchip, for the detection of a tunnel current, a 
microforce or a magnetic force, whose reproducibility is good, 
which can obtain a uniform shape and which is formed easily 
as a multichip. 

SOLUTION: A manufacturing method contains at least a 
process in which a recessed part 3 is formed on the surface of 
a first substrate, a process in which an exfoliation layer 4 is 
formed on the substrate containing the recessed part 3 on the 
first substrate, a process in which a microchip 5 is formed on 
the exfoliation layer on the first substrate, a process in which a 
bonding layer 7 is formed on a second substrate, a process in 
which the microchip 5 on the exfoliation layer containing the 
recessed part 3 on the first substrate is bonded to the bonding 
layer on the second substrate and a process in which the 
exfoliation layer 4 on the first substrate is exfoliated at an 
interface to the microchip 5 and in which the microchip 5 is 
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transferred to the bonding layer on the second substrate. In addition, the exfoliation layer 4 is composed 
mainly of a material out of a metal element, a semimetal element, a semiconductor element, their oxide 
or their nitride. 
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(54) ismo&m h>*;Mwsfcttt*»sfcja«^^fl©t*r^ yyo«a*s, Ko^oaeusiiB 

(57) (tfiE*)- r-3Ja» 

H lglS«lO:Sa(c!H]S3£^/£-f£X*£ 
Slit. S2M±ICS^I 7 ^Mt^Ilt, Jg 



5-3*'] v-r < f ^ 




<e) 



1 

Si, 

-o. mfcmmmifi* &mitm. ¥&m,7tm. ¥*#7c*. 
m. . 

-IS^ SKffltfls-r & - i K 0 7£ L fc Z £ £ f 
[M*iS4] ME-iftv'U^X^IWH 5 0 On 

«tcE««)»/jN^>r y^oaa^tt. 

^^chT^if l -if 5 <D^-ftifr 1 gftcEtto 

*ttE»r5#ffl«aJI±^»-3*ffitCJ: Oft/h-r^ 7 7^ 
fl^-r^Xgi, 

i -i»*JS6cD^-rn^ i iifcfgticco^/jN-x^ 7 7° 

1 6 co^m^ 1 3g£E»6 



(2) #l¥9 - 2 5 7 8 1 1 

2 

0] h>*;U«**fctt«/h***:»4«« 
X, tnEKaStROSKK:}SAb^lia&a:«EQ8E(c, 

1] mEI«S!i?a:*0n»3&«, iffiEtt£!££ 

£&fcM*#3B i o ciE«^a/hf^ y 7<Dn&\zm^& 
m&m 12] h >*)\snifc^fz.m%'ht}i£rzm%m 

is ij n > <fc 0 1 S«<D«H£Ga«*«fltTSXS 

i»E* l*«©ia»*$tf*«±K:iBIBJI*»flc'rsi 
Si. 

INfESB 1 S«Oi!ll«»±^«/J^^ y 7^Mt^)Ii 

WE*2**o*tt#»f5F±c*&Ji*»j«'r*xa 

89E* l*«Kl*W*«llB«4:«/^-f y^OJUT* 
«*fr<^ WfE*2StEJiOS'&JI*c:MElR/h5 = --f v:/ 

llftE*^a«©-*tl»*UT#tt*»»*6#tt#* 
^^<^t)f L, flv^. ffirEftlBJI 
50 #M7c^> ^^Mtu*,- ¥^*7t;*0^n^nco^ 

m&mi 3] tfflEMIBJi^ rifty'j3>J:D^ 

1 5 ] MEx»fbvU3><Z)KJ»tt, 500 
40 nm£il±T?*-5c:t*«F«<t-r*«l*3Sl 3fcE«S<7)^ 

Bi^:/n- 

C»*3117] S*i. ttS«±K:»/Sanfc»^Ji 

h > *;u««t * fc * ffi <o 7 d - 

50 Ri^fflO««(C^oTcaT**Ci:*W«4:"rS7 r n 



3 

-V\ 

<p&e>mmt. zm^z h>^-jimm^tz\tu^ti^rz 

S - t £#t4 t f S 7° a - 7\ 
[»#JHl 9] . |}E»*f^ 7^, «*»J*SftT 
U8Ct^ait«l*Sl 7 Sfc«8f*3Sl 8ic|2 

serosa— 

n>ct Otzzm 1-*«cd«®IcD3SB£^j&TS:i:S 

t. 

SfFfSPDgB^^trfg l S1K±lciiJfitJf ^jgfiS-tSlgi, 

toes i *«©*«Ji±K*/h^-f y y&j&mrmm 
t. 

Iff 2 S « X tt/R CX £ - AA ^ - > £ JgfiK b fc» : 3 

Dfi:S»f I«»*T«Iit. 
MIB»JBJBIJ:Dtt*«*Jtt^L-C(ltBJII2««i:Mia 
»3il«iS8ftiIit. 

HflESB 2 Sffi_tT*JiS 3 ««*SISmK.::8EJB-r*lS 
t. 

j^-rsist, 

mfffifg 1 a«C*5»5EiaS:-&triSWiJi±©a/jN5 i -<' 5/ 

U Hg*iM¥«tHll!3m2Sffii:«p B s 1ic:^|igg|54ff^f 
Silt, S'>a<tt)fLT^SCt^littsy 

[st5f<J12 1] b9I3^3S^^, SOlS»b*5 

So 

CISsRJS 2 2 ] ii!Efi&/jN7V 7"^, *f f£T&S C t 

[iiJt<JS2 3] h>^.A««ESfctt«/h*SfcttKa 
jjtk&m CO 7°W— y'-Zfo ^ T , iff) SB 7° P - T^i^H s 

TY'^t^itonctsroi^^Lrusct 
^trsyD-y. 



(3) fflf 9 - 2 5 7 8 1 1 

4 

[If}*9t2 4] WEf-f A 
u, Pt, I r®Ufn^ttfffl^<l;DftSCt€ 

#®tTsiii*jji2 3 tc tern© 7°P- 7\ 

@tTSif*]S2 3SBfcCD7*D — 7\ 

[»#Jg2 6] WIS»^SS»fiE-r*&«**, P t $ 
fcttA 1 T?»*it*«F«it-*W*3S2 5 \zm®.<V7° 

[nr*« 2 7] ttjiemsiis n*>6a5wwt 

/fl -eo««jafeT:^ 0 . 0 1 Q • c mHTTS5C:t£#SI 
tt5«*«2 3i;gI©^D-/. 
[St*JS2 8] h>*JU***fctt«/h**fcH:«« 
;bt£ffifficD7*P-7*©tii£7jffiT&oT, fuIB7°P-7* 

u/ 7° t & m t © m t z <p £ co « m s r s c t 1 c =fc o 

it, RfgiS i Jl£l/7N*-t*c(ciDI-rsiSt, 

iifflfisis i mm^mm^m^mun-mm\z 

»$Mt5IitS^<tt)f^Slilc^ 
' WSC tSMtt SII3&JS2 8fCfE®CD7'P-7*c75 

[W5RJI3 0] husEtV <^y**. Au, Pt, Irco 

3c> JS2 8Sfc«lf5R3S2 9fB«coya — yco^K^rffi. 
[»*3S3 1] MIBJMSAS i WSftSWWt 
*:<»nn&£\tfiQ. 0 1Q- cmHTT*SCt$#I 
ttSM*S2 8 S7tttIi3l<3S2 9 iCfB«CD7°P-7*CD 

i- y 7'«»^«fS-&SH5C0^^Ci; t> Tfrtms C t 
»fT*lll*q|2 9{Cf5t!cC0 7'D-7*coS!it^So 

^^ffifflC0 7°D-7£WrS7 , 'P-7*P---y hT&o 
40 T, MIBT'p-^p.- -y h*Mf -tMilffl I CcOff^fig^n 

-t, ±fc»*H*^LTE£ttfc*«*»Sfc 
Sri- -y7"t, KS&ItKf-f v7lz£-oTBl$£n 
fz «f ^co®« t K UA*-cOffigBtC fl?)5E ^ tlfc t 
l;j;?]M$nTHSCt^attS7'D-7'a-^ 
ho 

[»#«3 4] meJUISAS i StEtf. HfilBlfeagiC 



5 

u", pt; i r<*H>t , ft*>, rtir^tt-eo^^ft^trjit 

*»«4:-r*«l*5l3 SEt^^P-ya-y ho 
[»#JH3 6] MHE¥tirAS iI)5^ftSl//Ht 
-ecoH^JfttfEJ&^O. 0 1 Q • cmKTT'fe^ut^ 
chT^W*«3 3E*«^D-^-y ho 

3 3JcE«O^P — h«:fltAfcc:<t*»*i:f 
[0 0 0 1 ] 

[0002]" 

MilSt) a*W|8Stt (G. Binnig e t .a 
1. , Phys. Rev. Lett, 49, 57 (19 

82) ) , jmsb. #»«*n*>r*fflnn«*!B^«« 

tC«ffi«:Sn*.Tl nmggEOEIISTifi^j'St h 
£<£>T\ h >*)im$l$:-'JE.lZt£-Z><£ o \Zv~-< yy^M 

« ps fc a* < t^/s $ ntz. mmm <d m Mmm iz^j^m^n^ 



(4) #^¥9 - 2 5 7 8 1 1 

6 

»fc^HBTS3fc«>, STMO^SSffl^T, 

SIftt* SSSfflinX ( E . E . E h r i c h s , Proc 
eedings of 4th Internatio 
nal Conference on Scannin 
g tunneling Microscopy/Sp 
ectroscopy, " 89, SI 3-3) > Jktftii 

10 [0 0 0 3] ««E«lf*SI«^(7>JKfflS%A 

■ ££5. £f Cx RfblltM (JWT> A F M <h fl§ 

fcSM^f ^^MLfc^Wfflt^nT^D STM 
[0 0 0 4] JgtC, H-81TA FMStf S TM««t 

)imt>mr&m (afm/stm) a***, enters 

<fc, A F MTffl ^ 5 ft* ^ P-ytt* l/A- 1 -t<0 
30 n^Sffi^^tBT^So il^O^ffl^ffiTii, AFMi 

\z r- * v ? <t st** t © w \z a< 7 x * m z.xnm % 

■c*sc£ft*fflL, JSJ?rffi«KEfiHi»«**#i&iK 

[0 0 0 5] (MFM) tt, SBttft 

's * h * <^ m tt « » t * -5 1 a £f £ 7° □ - y <D m \Z 1 1 < * 
3*7cWfc#»«TW-a"r*t>©T?**. uFumcoy 9 

yj-vn— i^W&W ■**Lfct><^-C*S. M F M fC 45 

«if*fflOiT, BftEflkK#(ciattEft«rf dW«E« 

^K'vcoieffl (T. Ok-ubo e t al, IEEE 
5<9 Trans. Magn. MAG - - 2 7 ( 6 ) , p 



7 

p. 5286-528 8, 1991) «>«3«SftTH 

[0 0 0 6] fie*. ±E<DJ:3fc«/hT--r VfW&lttfj 
7%bntl^ (*S#ff^5, 2 2 1, 4 15^-BJ 

8BLfcS/U3>?XA5 1 4 KS^FttXy^^KJ; 
Otf^y h 5 1 8*H^, -SftyU3/5 1 0, 5 12 
^iil, *tiICMkyU3>I 5 2 0, 5 2 1 £ 

7 Kttb'y K 5 2 2 «J5SL/, 
^Rfc:/^— ->>bfcf£* IlOBft:>U3>5 2 1 
»SL h 5 3 4iCri 5 3 2 eRttfcJ9 

7^S5 3 0 iSHty , J3>5 2 0 ^L, f> U 3 > 
-)XA5 1 4^x^5 L >^^-f^Cch{CJ:DV^>7" 
>f >^7'0 7^ 5 4 0 £<E^£*lfc*ffc>'U 3>^b^ 

lffll:^TCSAFMf(7)MM<hai>Ml5 4 2 £ 

^CO«ffiJC*SJ)l*ffi*fflliT«ttffJI 5 4 3"£J&/£T 
ntfcfc^, S i ±K»J«Lfc— ■Mtv'U 3 

ISMLfciilTttA. Kikukawal (Ap 
pi. Phys. Lett. Vol. 61 (21), 2 
3Novemberl 992, pp2067-206 
9) , Xttff«» ( 1 9 9 2 *pflE» «X*d«**** 
ffii&atdfltfltttXX, H2 2, pp. 277-278) 

[0 0 0 7] Sfc, HI 3 (a) flS J: 3 fC. >fc 

tASM2 0 l_hcOS112 0 2 &nmzrt9 — x> 

It-f KXu/5F>^£*iJ/BLTt=W 7 7'2 0 3^Mt^ 
7j7£ (O. Wo Iter, et a 1 . , " Micro 
machined silicon sensorsf 
or scanning force microsc 
o p y " , J. Vac. Sci. Technol. B9 
( 2 ) , Mar /A p r , 1991, pp 1 353-1 
3 5 7) , SSfCf*B13 (b) \ZmZtlZ>£o\Z, 5JJ 
^r— /N a — S^f;l/;>7 h 2 0 5 ©l/y7 h BB □ SB 2 0 
6 (CS1S2 0 4 *l§IIESi*fc**e>#«tt»«.2 0 7 
»^bI«L, U7ht7t5C^[C e t:f9f^y7 o 2 0 
8 ^MTI>X tf > h (Spindt) m\Z& DtfPg2 
n^yjffi (C. A. Spindt, et a 1 . , " P 
hysical properties of thi 
n film field emission cat 
h o d e with molybdenum cone 



(5) ttH¥9 - 2 5 7 8 1 1 

8 

s " J. Appl. Phys. , 47. 1976, pp 
5248-5263) CCD?jffifC<£ 0 

»J«*nfc«ft*«ltlffl©a»t)»* (K. Yanag. 
i s a w a e t a 1 . , "Magnetic Mi 
cro— Actuator", Proceedings 
IEEE Micro Electro Mecha 
nical Systems, 1991, pp. 120 
-123) . MFM«icfla^saft**tBfflO«ft-tL 
Tits cnbOJSi^D, Dfi;t CD 7j ft JC*& 

SISBi^O^ip] l:»«-©ift*«|fii < ffiay7 <D Ah $ ftffit 
[0 0 0 8] 

feci: 5 &SE*<0«/hr-^ >y ^©JgriE^ftttfilT^ J: 5 ft 

^*^o 1~ft£)^ 
^ (1) f< y ^©Iti t&o t->U 3 >ifilt ili 

814 < ft 0 «Jfi 3 x h **W < ft s e: t . 

(2) 7 7 , OffiSi:&^fcyU3>lffi*X7f> 
if-?Z>tztf>* :/o — 7SM<&xy^>^:ffifc:J:£^ y 

5fc#**£ i; * pjfgtt^fc s o 

(3) y7mm±\zmn&ttn&&misTSTM<D 

fSL-ztiT^zifl, z.(Dfz&> \zmmmm$mm2.n \z < 
30 <. fcmvfzWi&izi&mLrzmn&mvnmmn, s 

(4) ^fll*>^UA-±fc»/h5V yys»*t*i 

&\Zt$. AFMTteW1^7 a D-7^Si^l[:^ 
(EtfiKBbfcS i0 2, S i N, SiC, C&<!ffcJ\# 
P«UB**£ 5 o l/'/t- tc C ^ J: o ft R 0 fC J: -5 /X ^ iy =¥■ 

^ltgcf 0 zifz. S i Sfeft^coil^SS^, S iO 
2, S i Nfc£<DWKtt<ni'rt-<D—m&&$f21£2> 

£i**dr, US. £bfC, 

l >t y p — y'zm , m^mmztt Lxm^mu & n 

50 ^««<OK»«:.fT'5»£\ Xtf*-<Z>«J#« 
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******* LT«EB3ipRpm<DiI3ffiS§l#iBCT, * 

(5) «»»«fflffla>a*o«/h»«-o«ift*»tt, & 

£® ^ MzHT £ C cfc T £ C £ H (Dmtfo ti \Z ct £ tJ 

MFMOMttM^C f4, »»C0jt*iaBttJftfiJ^«? 

s^ntt/^^ z. "co fc 56 tc aft #*t 2 n jc < 

[0 0 0 9] g=fc, H.l 3«c*UfcJ:5a:«e*«<0«/jN 

act? 

(6) 7^Mt§i©'>U ^><OX.yT>>f4k 

(7) wc, *>*-wx-«yp— ^±icw«tt*r»e 

&#tt£f#£££*4ISL(^ «OR|jH*«*i;-5. 
CO o l 0] #589! *4* ±ESe*ft««c45^4 

-e-oBig/Biiisssffi* aecxfc-eoa/h^^-yysfi-r-s 



(6) 4$BB¥9 - 2 5 7 8 1 1 
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ifi&if-f s m* t <s> bb ic sg£-r « »»«*#«» $ n , 
/<? p-^ffl«»stxi»«ia»s*s«ss«-rs -<t^g 

[0011] 

fflffl^a/hr-w v 7°©SMS, Rr^*ooBifiJllltS* 

afc^xtc^^a/h^-f y^s^r-rs^p— ycoBifi^ 

ht36*ffl^p-^ai««arXflH8E»Si£K«*, ^ 
% 1 S1£<^MK[H]^£^T£X^<^ ftffEJg 1 s 

tE©ia«**tra6«±fc:»«**»riE-r*xat, hue 

SB 1 *«<0««*±fc«/h5r-i' * 7^Mt§Iii, 
»2*«±K«£»£«j£T*Xg<i:, MESS lSi 
tc*3WsiHi«*$tra«fJi±^a/j^>r s^s, MESS 

30 £^&< £fc^coxgtc^2K iftjfSiBJIifB 

it^ * ^ ^ <d ^-rtifr mm % ^f&fr t. -r ^> - 

E*— *«*S»K<b"TS C (hCiDMtS C t^T* 
ffiE— KYb'>U3>a)JRfff4, 5 0 0 nmJ^l^t 
40 ^(:J:«3Mt§Ci^SLK fit, 

^WOWbT^ y^OBJBSrftf4, WE* 1 S«cot«Jgl 

[ooi2] , ^m(Dmmmmz, h>^;u«- 

50 tflt*fctt«/h**fcf4K«AlftUiffl«)a/jNT : w y^B 
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3d PUT £ & 86 <7) INK A ft xftft U =i > tc J: 0 » jft L It 
^T«, ittEtt9£tt&IH]ffift. ]»ElltI!S«tf>*ffi 
[0 0 13] £^c, *«M©^o— ^Bit^ffifcBBT 

^pa«ft»«Tsxat, SutemiSffi^tHi^ft^trs 

*r»±fz»^jift»*'r*xai:, wesis 1 a«tc* 
»*Dn«ft*tri(PiJi±©«/jN5 :L -r y^ft, SuEJg2S 

«±<D*^Jifc«*T*XS4:, WE» 1 *«K*3 
SSJlltJf £»/Jv5V y^jWBTidlK&fT^, MI2HI2 

SMtSIIi, ft4>fc<<fcfc#U ffllBSOlK 

$> z> wa*ft*'<0 (/ i fn^^TO ft ±jbr# trs 

»J 3 XBjRJPtt, 5 0 0 nmK±it§Ct^?ff I 

<\ fit, jmian/hy-f y^ft, a»jKfiEbfc«dc 
tRa/hf^^tcistifctsofist, ftwr^> 

^(C^d^T, flMft/h^ ^ftS/Sf «aft0ttKV#< 
i^MilT^S, fit, ^(7)7D-7(:^^T 



(7) - 2 5 7 8 1 1 
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[0015] st, ^m(Dy°n-y ,, (DmmyjmzmT 

:/<&Si&;£ffiT*oT, ->U=i>cfcD&*JBl*«©« 
ffiKMSBft^rraxg^ tif|gElgf5ft^^^lS«± 
lcfHJBSJift^/&T<2>xa£, MESlXtEOiUgSjfiJe: 
* y*»*t*iit, SB 2 StRXtt/Rtf 

^ L T mlf5^ 2 Sffi t fufEJg 31ffii ^Sft^lS 

ifft^^-r^X^i. H38B»K¥ffiftH932»2SStcSE 
*»*Dfl***tPiMiJI±©«/h5 L >f MESS 3 

stsioa^JiKiaf^-rsxat, tutBmisstc^ 

frj-5i!JBfJi£5V y^*ST»J«ftfr^^ fulfil 3 S 

«±o«^jifcm-iH^-< * ^(£?t5iit, lute 
»K¥stWES2*«icow^^i»a8ftjBi«-r*xa 

±ft4>&< ifeWLT^SCi^li UT^S. coo 
^n — y©«ifi^ffi{c*5t^Ttt, mJfBfg3X1£ft, SO 

[0 0 16] *^e^(7)y o n-^{cl8t"S<7)^0jco 

^Sgco, too— h>*;m«t*fc.a»/jN**fctt 

US i Id^aSWN-igl/A-lfcS^I^bT 

ME5V y ^tS^Si^Pflfc^^coffiaftWUT^S 

f-f 7^Mt^#l^ Au, Pt, I rCDt^T^ft 

Sdt^ffSU^. IK > MEi^i*»rict5*I 
tt, P t SfcttA 1 T** L<, m 

E*?M£iis iK^ftswHi -eco«affitrc^o. 
[0017] ^x^oyD-^oKifi^rffiCHr 

^ft fl^^T S Z ch ic J: 0 f^S $ n^> d <h ft WIS <h L T ^ 
^>o fit, d^^p-yco^Btt, ^jftAS iSSl 

50 A-±(c^^Hft^^T^X|I^, K«&«±Cfl!i<0» 
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MISSUS i S«t«Sjft)I*l»5feUKW^— *®fC^ 

Ef^y^ Au, Pt, I r^^W, 

f<?)iMffiK^O. 0 1 Q • cmttTT$»5CtWI 

K «fc o TfT -5 C £ # -5 o 
[0 0 18] Sfc, *«9JK:*^Ttt, h>*;KSK£ 

S il^^Sl/A-i:, «W\*— ±l::8l'&Jl£frLT 
f IT, ccoyn-yn- y M4, 

u, P t, I r <D\t*-?tli>K &.MZjE<0£&&^tf*><D 
T**;i#jffSL<; (ttE¥fttAS ii^b/^l//t 
— 14, -e^S^ifitrC^O. 0 1 Q • cmKTT*5Ci: 

»||^S:fT5*«E»S^SJl*«J«L,A»7a:K»«sR 

^ «*(de*s£**«t*;:£#t**. 

[0 0 19] 

[3«9!<Bg6JS<&«lB] **Wf4±EL3t«ifi*teK:J: 
0, ft/hT-^ y ^Kifilcffl ^ SHIS SftllTx 7 f 

lltfflttS?iJffl-rsci:*«Brffiia:0, 
$S f^sScT 3 d £ **T * 5 Z , MIM7'n-7C7)I 



(8) *#BB¥9 - 2 5 7 8 1 1 

14 

^TRWt*. *«Efc«fc*:/p— 
/hMffifflO^n-^TSD; m 1 *4^£>SljfiXg£^ 

»— 5/u □ >«t oftss i i ©jffiicEia 

10 S&M&TZo ^tlfcte. sr*l*«l^«BIJ12* 

-«*«Hi£l*\ SIttS*ttX7f>^f$ffl 
^T»U 3>*Xy7->^LTIH«3 *»fiJtr*;£ffi#* 

#U£A*»**fl!^3£<fcKJ:0 (1 1 1) 
20 a4^ffi7?lSftfci!!tr75 y FttG>G3«3 Sr»J«T 
((HI (a) #sa) o 
"[0 0 2 0] fg-XK:, ±EGflSP3S:^ty^lS«l±fC 

.*lH«4±K:«/jNT--f 7 7°5W^ll 

/h^^ y ^° 5 %im&mmi, j $>T^mmm 4 *m*s«"r 

iMIJI<o*J»K:**<ft#L, ckoj:^**^*. aft 

N, A 1 N, A I 203, S i 3N4, S i 02, T i N, 
T i 02, V02, Cr 203, Zr02, Ta2<05, W 

1 s« 1 icv y n >sffl^*»-&ttx«affi*Kft-r* 

40 ^tl^^lC-My'Jny (S i 02) 

mzmK-tZZtlZckV, y'J3>««*ffi«)HflSK 

Sf^y^$ffifc¥#<!:«i:!), »dcSiafcr--< ^ 
50 !Sft*l^±S-a:*Ci:#pJftT*5o ^^c, f<7^ 
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«-^t->U3>MJ¥#2 0 0 nmE(iTfe5Ci:*51 
£b<^„ £7c. •> 'J a >$»tLTSEMSM1--5 

^oTfl©^1*<hT£;ii:;0tTg<5 (13 1 (b) # 

- K-fb v 'J 3 > WJ?^ \zm&&. C -5 d £ ijffl L- T ^ 

$>3 7cJ6, ^fC&jgCD^ -y^^if^^ -y ^ftS/^ 

<6Klte. ~^b->U a >flH/¥#*5 0 0 nm^±T*SCl 
Z\ttfaJ 

[0 0 2 1] SEII, HfJfeC£Ig|5€:^tfSiJglB±fca/jN^ 

>yu- a/h^f v ymtrz mi (o #bb) « * 

S^ffi^U CCD66o#^mSJlO»/jN^^ -y T^j&gB 
«-<»/MV -yy^fiKSB) \ztt LTtoo€ffiicj:oTil 

pH, t^JIfi^iii^, Mi^^^^^^coP^M^'* 

[0 0 2 2 ] ^EBIC, |g2S«8 SfclJ^2SS8±lC 

^2M8*J;D;W9(ii^I7^LT 
«/hr-W -y7°5«:^}#-rsgl5»T-^-5<, Ig^Jf 7 ttffi^j 

TOtltttiS, tlCAu, P t <7)cfc5&$Stt • Si4 
{cSA,Jt*:£JB#g£LH. Au, p' t teiljgf if £ 

Hfty'J3>, ft IC *S«flS ted: 0)fZl$.Lfz ~ Bsfls -> U 
n > £/S J§ &«fiJSStt fc fc fl ti^g 0 A < t 4 v 7° 



(9) 4#§B¥9 - 2 5 7 8 1 1 
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i60IH^l Ott, 7 Jiffl-ttmT'm— M\ZM&L 

[0 023] mmz, mm\H}ffl3Z'£tsmmm4±<7)W 

n^n<Dmfo&n3£7-*>ypS$\Z&0&&T°%ZT7-i 
^>HgSS:fflli, HS1Sl±©a/hT-f -7^5^^ 

m7(Dms (be*)' *tT^ (mi (d) #m> . 
/o [0024] sgAtc mmmm m 4 ts/hf-f -y 7° 5 *j 

*e^-r*. -r^^^. si«sii:i2iS8$?it 

S!lBt^1±-5 (HI (e) #M) = Sfc, *^3JC4o^T 
fiicL. »»il^lTSB3.I«iS!2aifi*«ifL. 

20 sa-rsfciexo^a, Rwfss^ji*«*su, mi** 

«*il^l^*-r-SCi:[CJ:0, ®*T-f7^ 

KaMSt¥«*fiJSB«««c»UTiiitesaEtc^: 

^■UT±**»6^'l#rai:iK:J:0lWia*llt¥«**« 

30 v~7'izfr*>fr2>mmzm-r2>z\iiiz£v, mmw-m^T 

[0 0 2 5] 

^;u«»SffliE^i o#g-&ji 7 icgi^sntiis. si 

(10 0) CflSgy U 3 >^l/\*f 1 II 1 i; LT 
fflSbfeo ^(C, ffill@2 tLTy'J =3>ift^{bM€ 1 
OOnmMLfc. &\Z, KISS 2 omm<D^m 7 

1 0 /im^FyjCDv'JP>^BtHL-fc. *(c, TkWMtti U 
tr>«:.®fiWS*1tX -y ^>^(C«fc O 
50 — X>yg|5»-> U P >&X-y?>^*L7to ^C*3, X-y? 



(10) 



#W9 - 2 5 7 8 1 1 
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^ flgffiOOT:, Iyf>^PSNIH 1 0#£Lfc. CCD 
it (111) H£«ffi&4:3©ffiTHStt&ffiS»7 
/im«t?7$ y Ktt(?30fl88 3*««jEKatLfc (Ell 
(a) #JH) o *»C, »a»2T**S»»lbK^7^K 
£7 WfcZ>^-^A<7)^7j<*&M (HF : NH4F = 
1:5) "tr^SLfcc 1 2 ortcinjl&LfcBS&i 

U Sd8ftJi4T&5X mti/V 3>^r 1 0 0 nrntlll 
fc (Ell (b) #88) o *fC«/hT-f7^5»»tLT 

*OAu©R*ttl. OMmiLf; ((HI (c) # 

3>Sfi£fl!j|cU ^cD^ffitC^PA (Cr) £5n 
m, A u ^ 3 0 0 nmMIffi(:i:D, ML7^h 

«&l7SffE«10tLfc. !BiS«l±<B« 

f^77'5i^!7^ (BE») Sfrofc (HI 

(d) #BS) 

i«jI4 7 7'5 iO^®Tai«l$-frfc (HI 

(e) #BS) o CCOi:#, K^ffi^S©^ yy°<DM 

153 0 nmtfe^L 
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STMSi©yP7^H*ST, B3K:;fc^T* ft/hx 
* y:/5 £K»1 1 t^Pfl^C^-f 7^«JE*EPinL, - 
■OPJI*8IEns h>^«jSK I t£&fcBU I t**— 
fc*J:5fc:7*-hV\ty*ea>W\ XYZIBKl*/* 
f 1 2<0Z^rrfi]*KftL?">f yy5iK»i l £<E>F B lfiB 
^-tCffioTt^o MfC, XYZKftKxv/Si^l 2 
OX YSElrr D tt#© 2 ^TcttTC* 3 S T 
MttflHMIStt*. :^8fiTH8tlTHOPG (B 

—SSi±lc«ftcoiHia3*»«-rsr<t^cfct), sex 
S*8_t(cSIS:coa/h^^ 7 7'5$Mt^ui«t 

[0 0 2 7] ±EH 1 (b) OlilC^^TS i 

02tflW^rK:*l**lfl!>S i Sffi$itIHiJ|4 iL 
fc«^i, ±KH1 (b) cox@fC45^Tad«t«4 ib 
20 T« 1 » fi 1 ±l:lt$i*St A 0 C r * 1 0 0 n m« 

;*^««B«lcg^I7tLTCr 
T§ltcoAu*ffl^, EfflttlOkgft, g^-fi 
*ttMT*o&. ^fr2 ;*§|7liAl, EE*«ffi 
1 0 k g f SUPAfc*liT?^Jf*H«*Tffl* 3 0 0 *C 
TlPSPflttBLfc. mi*«l±^«/h^'1'>yy 0 5cr)f@ 



3H1«S 


S i 


C r 


S i O 2 




25% 


85% 


100% 


2 


10% 


70% 


100% 



[0 0 2 8] K»|2] #3R^<B*J£0J2frdU STM 

(b) T?*SnSiaJC43^TiOHIJi4T*4— *{bi^ 
U3>S5 0 0 nm««Lt. C^ScKJ; Df^KLfc 
f^f 7^Jt^Mf g^2 0 nmt$)^fco #H 
»JT«L/:STMffi7 0 n-7^ffl^Ti3t^^n 
SSTMSiCTSMiSW 1 iHSIWMTHOPG (iS 



[0 0 2 9] [^JS^tJ3] #5£m<DmMM3te. AFM 

t>ot*0, <a«j&£0 5 K^T. H5f: 

■*5V>T. # >f UA- 9 ±IC*j3t£ft;fc«£-JI 7 _htC# 
'1^4 7 7°5^g^$tlT^^)o H4tt*g|J£«(©^p 
40 -:/<&«ifiXg*«T»rHBT**. dCDEHCfiE 
HfiifiTfrffiSKWTS. £T> S^fe (10 0) 
as/ ij 3 >-)xa*» l Xft l t L tffl* Lfc. 
^HH 2(hLTy'J3 >mmtm* 1 0 0 nmML 
fz, «MB2tBffiS<&fln?r*. 74-hU7^77 

>f t^y?->tf\z£ x>>fU 1 0 /imW^) 

S3 o %^7K^fb^ u «5A7jc*«*fflu^ mm 9 0°C, 

50 X7f>^Mttl 0»tLfc. Z(D£^ (111) ffi 
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F«oia«3 3a«»ric*nfc (H4 (a) #gg> 0 #tc, 
mm 2T*&zmmfcm*y ymt? yfc? >^~<y & 

(HF : NH4F=1 : 5) Tl$Sl,fco 
2%7y*7k»iKS:ffl^"T*l*«10ife» 

stf7k*»i»+Ti o o or Kins* u #j«ji4-e* 

5rBft5/y3>S5 0 0 nm*iLfc (H4 (b) # 
AS) o 3fetC«/hy-< ^ysmtlt^AuS^lf 

1. O/imil/: (El 4 (c) #flg) . *{:$21S8 

-Sfty'Ja>13*'0. 3/ziru gftyij3>14S 
0. *l:SI^Sfty'j3>14«:7 
*hUV^77^ £Xy^>^fC«fc O^^WX—g 

(M-»*») CO^^^/X^-- >^LfCo Z.<D£%, # 
>fW\-0Wi(i5O^m, S$ 3 0 0 MmchL 
fe 0 #:\z, SlcoSfcy U □ > l 4 5tf-ift y U □ > 

fc #HZ, (T i.) £3 nm, & (Au) £ 5 0 

nmfflU 7th , Jy^77^i7f>?C<i:0A s 

±o«^*7 t^fi^totliMrS] • m\z 

£r (JEESf) ftfrofc (04 (d) #M) . #{C, *li 
v75 LtDftm-vmi&Zltlt (0 4 (e) # 

• bb) - &\z, ^mizmm 1 5 <t lt#u<5 Fi^xt 0 

ffiOSftv-U 3> 1 4 *Xy?>2^;*iM;:UT-, 9 0 
■CtCftJSRLfc 3 0 %*mit*) U ^A*»jKfcJ: 0 Sffi^ 
"5vU3>Sffi8©Xy^>^£fTo;£:. #ClC, 7yS 

i ^ y ft 7 >^ex ^ 0 -»Yt v- 'J3> 
11 3*|ifcSl/fc. fctftfc, KSR^^XvSfflt^T*® 

(0 4 ( f ) #HH) 0 

[ 0 0 3 0] ±|B, *^^J^^ 0 n-^^ffl^Ac7 I cTc: 

AFMffl(0 7 p P-yt*H ^fifUJ^CO fzL$>(D \s — if — (D 
>^ WX-ft*fcRttfc*&Ji 7 COS® tcxfr 

F MSloy □ 7 * H*H 6 C*T. AFMS«t4*> 
1 £t£^J!4 8 t»^*4 8{Cfi^Lfef#/h 
f^^^SO^b^^^P-^i:, l/-f-3t6 It, 



(11) 4#BB¥9 - 2 5 7 8 1 1 
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5tOR»Aoftlb*«fflT*#^^a >-fc>U— 6 3 

vmt^tti\B}^6 6 <£, XYZ«ig-ffijtfxy^^6 5 
t> X Y Z il» tf xy*f S X Y Z * f] Clffit § fc 
ftCDXYZBlffl K7< A-6 7 ti^ftS. COAF 
Mgl^l/i, 7< #j&*S&SR»6 4 fcyn — 
ifi*1*fc»fC, XYZ»Ilt 0 xyif 6 5<7)XY^fa 
*BiT5 C t 0 K*sf«ffi0> A F M«£HSI Lfc t 

[ 0 0 3 1 ] [^SM4] *5!KoSIJS^J4«, f^/h^ 

^0X^^113 7 Jc^To ST, S#{4 (1 
^ 0 0) »J 3 >->XA*» 1 1 t LTffl* 

&Mf$.L,fz (HI 7 (a) #bs) o *tc, Xrty#))>tf 
»ftffl^TBD«"3 1 S« 1 iCfHAtS 4 £ Iti 

{fcZ^X^A (A 1 203) $100 nmmmVfz (M 
7 (b) #HB) o *Ct/hf-fyy5#»tLTa4 
(P t) ^m^tf-A (EB) ifSi:J:0MU y 

ofco 43, C(Dt#cOP t C0Mi?« 1 . 0 /zmiLfc 
(H7 (c) #HS) . *(C^2S«8 £ LT^®i£ftJ8l 

(Cr) £5nm. Au* 3 0 0 nmlt^iRf iSlCfc-t) 
^JKL, 7tMJV^77^ < !:X7^>^:J:»9/^- 

1 S« 1 iOJR/hT 1 ^ ^ 21i8 Ji©»-&Ji t * 

fc (B7 (d) #flB) o ^tC, SlISltf2l«8 
*SI#»TCt(CcfcD. SflgiS4t^/jNx*^ 77 9 5t(7) 

i^ffi-eams-arfc m7 (e) . cicot#, 

PG (I*&fo1&im#^y7'f b) »tR<o*Hffi*A-f 
TXSrjS 1 n ATM^bfcch 15, fiff ftflTPffc*** 
*jfcU«tc*^T»4«IBI»4 tlTBft 
Z^^X^A (A 1 2 0 3) ^ffl^fc^, Sft^PA (C 
r 203) S^/^y^U >^ffiJC«fc0*iaLT ! bra«©3» 

[0032] mmms] ^woimmmsu, 

50 T^^co-e^)^. *'HifiMte*MM4-efflUfcH 7 SrH 



(12) 



- 2 5 7 8 1 1 
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Mizm^TMmr&o *?\ (ioo) com^n 
£zt3 tmmo^mzxm^y ^ v h«g>[hi«3£jbj5£ 

Lfc (07 (a) #Hg) . JfeC, <£EEfc¥«fifiK*ft 
(LP-CVD) *Jfl^TIH»3*<&tr*l*«l CII 
«»4£LT38ffcv'U:3> (Si3N4)£l00nm 
(H7 (b) . ^CSI/Jxt-^ y^5»» 

<h LTS# (P t) £«^t:-A (EB) ^SSfc J: D 

>*ric£frofc. fi: 45, ^(^<h#coP t cDj§IJ¥te 1 . 0 
umtLTz (17 (c) 0 ^C^2S«8i:LT 

C^DA (Cr) £5nm> Au^ 3 0 0 nml^Ii 

S 1 Sfi 1 ±©«*f-f y ^ t * 2 1* 8 J:©» 

x.acti:J:Of/hT^ ^7" 5 <hS6ir^' (EE 
m) Zft^fz (07 (d) #fl8) . &lc, miSS It 



/0 
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v y$ £<DRmTmffizi£fz m7 < e ) #sb) . 

HftlCHOPG «ElRl!»»j)f^7 7 7-f h) 
HW77illnAtISLfc^C5, 

[0 0 3 3] _hfBU7 (b) OXglCiS^Tg-ft 

> u =3 >€rfi£jn±ric^ i sfi i co s i mm &mmm 4 

tbfci^i:, ±mM7 (b) 0)XStC*t>T*J«iJI4 
£ ITS 1 Ifi 1 ±!CXffl3R*ffifc: J: OCr^lOOn 

^ y ^5 ttJKJP 1 • 0 firnCOB^P t Srffl^fc, g^B 
7tLTCrT3l*OAu*fflK J£5f #Mte 1 0kg 

y 7 a s cop^ i o o o mizM-t&mmmm&Tmz 



mmm 


S i 


C r 






25% 


85% 


100% 



Lit. 

[0 0 3 4] [J|J£#J 6 ] *^0J(^^M^I 6 tt, A F M 

K±i:fi¥LftAFMSfcttSTMffl(O^D-^6fpa 
LAco f^HLfc^D — y(D»«H*H8 (a) \Z. ^(D 
A-A*fMHS:H8 (b) tC^To *^0^CO7 O D — y« 
H8«fc0«TO«iiSfiFO B 10 4IJSSffi8 55tf 
8 6S« , nSft->'jD>Rl0 0, lOl^ML/: 
•>U3>yDyJ, 8 l>4#«ttft#-r*na!0»»>' 

Wl, £8S 1 0 2 Sr^UT3E«FfiB8 3> 84fC<£DteU 
0*8 2O±ffiTft0Ttf*»*nT^^. S1¥S8 
lti, ¥«tt«ffi8 8<h, 7 s&tfS^Ji 

±£*fifc Lfc»/jN5V 0 *^T-rsBBPg|5 8 7 48 

tffcpjj**8 9 Itll8 6tt?iiia8 

8C*f[6jTSJ:'5CSlft;^ l J=i>Mi o o±KKHLT 

MLUs. ^f#a58 3, 8 4 ft Aij^comm^m 

HSKBfTaiCfc OMlfcAu <fc r)££ 0 3£?#SB 8 3 
tt, M?fi8 ltBSM8 5, RtX»ffll¥«8 1 <fc 
H&I 7 8 SIi;t«/hf>f 0 <tfc*MR«HCfiM* 

Itl^c cnfCJ: 0 3£**BBttfei;0«8 2$^lTil 
M¥ffi8 1 ^X77U (A i r B r i.dge) ttifi 



tt, i^!S8 6 «hi^ig8 5 KWESBJftrr-SCi: 
Ttete^, il¥«8 l*«tai;t)«©lHHE«illFOfClHME 

ffit^dch^pTfgTafeO, $bl:I^SSTM/AFM 
ffl7'P-7^bTfiJffltt^ 0 B2TSlfcST 
Mmwiz*^BM<Dzfn-y'&m^Z>z.hX\ ^118 

xYzmmm¥x-*/mT<Dzjjfa<Dmmztttio\z 

40 fifSdta^Ss. 

[0 0 3 5] 0tt*KI8©^O — ^^»ifi 

^?*^l^0^-r^^a6(7)(^XSE]-e*^o [19, 10$ 
ffl<^TEI8 i:styD-y©A- A*r®HK:*3fr*£*S8 
WOM*»lCO^T8»tS. fg3S«£LT, y'J 

TtIil:II¥S8 1 fcfc* nSWSfly'J n >H 9 
3(3 0 Q/D, JP£ 1 /zm) ^Mlt^^SO I 
(Si on Insulator) IS^ffll^c (H 
9 (a) ) 0 «HES«±tC7* h h^r^^Lil 
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TSiStt-f^">x^^>^ (R I E) £<};UXy^>^ 

«**«^T*J«ILH9 (b) i:Ste-A/^->S 
*T*»3***fMBl,fc. *3£«£&*T£jg2S 
«£LT, xUa>S«9 5*i*U y'j3>Sfi9. 

&*Sffc>'Uri>|R£fl£jECVD (Low Press 
ure Chemical Vapour Depos 
i t i o n) CTO. 5 /iraMLt SMfc^U n >J8t 
<Dl£lKft#ttfifc«*it 8 4 8*0, «SitNH3 : S i H2 
C12=10ccm: 20ccm, ^c^ii^j 0 . 2 T o 
rrt*5, 3 £ K^XglCT* 2 g«±fc£gft£;fr L 

Ml 0 1 0-gg€:7^ hUV^77^/Dt^iCF4 
^ffl^feJ^i^tt-f^>Xy5 1 >^^i:DgI9 (c) \Zm 

8 611 Pt^-yyhfcfflra/lyJSIlAOPt 
SlOOnnuSKL, 7* h U V ^57^ ^p-fcXfcJ: 
D7thl/yXh^/^-r:>^L, f7t hl/y^h 
m^ilTA r< *>fCcfcO-f*>^-U >^ (I 
on Mi 1 1 ing) U 7thl/y7 h£f^SL0 
8C«-rct5fc/t^-->ifL»fifeLfc. 12S 

^fc (H9 (c) ) . aft-T*IBCO»IB*»*L,fc** 

5. 8M9 7S, 5 OICtTl 5»P4lOH»«l3SiDJR* 
jSftiJB^TfT-S £4:rt**Jtr?**. It^Stliil 

^bdfSKn 

*S:tB/iE«fT, 1 9 9 0^ 1 lH*3fTO=fA* 
7t hl/y'Xh) "Xf&So CCD^ca6*HS6ff«J"C«. OM 
R- 8 3 £f£J3 L/to »f 14 6Si* Lt»lC 1219 
(b) ^3lSi:i9 (c) OS2I«*8IJ:OE 



(13) * #i¥9 - 2 5 7 8 1 1 
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a&rt>WTJ¥LSTfcBHC, 1 5 or fciDiMLST* £ 
£K«fcO»»Ji*«Hfc;£-y\ H9 (d) K^T <fc 5 fcSE 
^bfco S3lSC^iy'j3>l9 3lCtf-A/1*- 

(d) COgf LfcllC^tlT, 8 Or, 3 0wt%CO 
KOH7KM*TS3Sfi(7)yUD>SS9 1^X7? 

>d/B**Lfc (09 (e) ) 0 #IC, Pt^yhS 
fflViTX/ly^jtfCctOP tS5 OnmfiEIL, :7 * N 
U7^77^ yot^Ci V-y^VWTsY £/\ D ^-x 
>^l, g7t hl/yXH 1 O^YX^ilTA r-f 
t>(:cj:D^t> = -'J>^ (Ion Mi 11 in 
g) U 7t M/yXN, 09 (f) \Z^-?<£v\zm^ 

^->x^/5 1 >y^ c fc0, 09 (g) K^-Tcfc-SK:?* h 

i/yx h 1 1 oj&xfmMm 9 7 cd-sr£x^>^l 

■±fcX*J14:fc:*A 119 8 ^ISIfSO-OTS 

SCcttJl/iDiSaiLt. All981[:7^h'J7^ 
^ yn-trxtcj: 0 7^-fVyXM 11 £^7> M 
SftL (H10 (h) ) , A1198^D /uWt. flj 
«&tfHfflW>S£:SA 1 X7ft>h^l^T/^-x 
>^L0 8 c£)3£f#3$8 3, 8 4 CD/t^ — >*fat;0JR8 

>x^5 L >^tici:0, 7*M/->7hlllSBSLfc 

^ (no (i))oii sfi 7 1 mmm 1 1 

(a) *>e>Bl (c) K:«Lfc7-^y^WftJift»JBS-r 
SST<OIitH«T?*0, ff!7 6 chiij^l® 7 5 _h 
m»/h^>f 7^tffit)iSAu$ 1 /im^lbfer^ y 
yiffl!7 7^b^o Slifi71«f^77 p Sfil 
7 7i»SI7 8tSttlSfcfU S^^ftofc (0 
10 (j) ) o S£ttffilX«£S2S«0B0£Eft 

8**»-&U «i*«i:JB2**ea»«K:illirc:4:«c 

40 ct0Sljai«±CDAuC0^Jg^« 7 8_hfce^£fU St 
'hTV 7 7°8 0 *JgJ5fc-C#fc. *l:^2lfi±C7^ h 
l/S^X hi 12 (0 10 (k) ) , TkBHfc* U 

^A7j<S^4ffl^fc^ B B B ttSyj'l4x^^>^^i:D|g2 

»«t¥tET«<©ft-fk->U3>JKl 006CF4^*I 
^££/ftf£<:*>Xu/^>^Ccfc OBiLfc (010 
(1) ) o g^^X^fcJ: 0 7* hl/yX h 

i i i&z£mm¥-foTm<Dmmm£0f£z>mmm 9 

50 7>yy>^LSil 0 2^Mlfc. kt±OD^j£ffi£ffl 
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^xm 1 o (m) ©aatio2*}s^ asuvun;^ 

*^Se*0^7Xy hx^^>^tCctS«tt»l»*cr)|R«c 
Si^SS t i c k i ngSaaT-Sut^T**:. 

8 5 < tHS««8.6©mt«JE*B«ID'r*c:tCJ:0^ 
1f - <OK*f 6 *T ^ co ftjfg K IS ** fcg-plcoll fc Tfi 1 

[0 0 3 6] [USS^J 7] *jSfi«7tt, ■*JffiCT6"e^L 

* 1 -3^S1S±fc^^^^bTVJl/^y <> D--^^^U 
fcfeOTft*. HUH afty'j3>||150, 15 
1 ^JRSItSnft^'J n 7^15 4_hlc, 0 8 tc^K 

«aHt*5. *58|8ov;^^n — ^ttH 1 lctOJ^ 
TOiS**^. 12 1, 13 1, 1 4 1 

^tai;DSl 2 2, 1 3 2, 1 4 2 ^fflMtC^T 
2 3il.2 4> 133^:134, Stf 
143<!:1 4 4lC<fcO#fci;DS<0±ffiTflOT*f3£Jf 
*nt^*. SUS^S 12 1, 13 1, 141tt 

^8^1 1 2 8, 1 3 8, 1 4 8, MWf-f7 7' 
1 2 0, 1 3 0, 1 4 O^LT^^o *^0O7 8 
□ -^l4»t&5BSMl 2 Si 1 2 6, 1 3 5 il 
3 6, 1 4 5 4: 1 4 6 **L, »ttt*Hfi««m*C« 

ee ssi in -recite j: #yp— ^<otoi;o*a)ia(E 

Old ©Steffi £-fe!-, **<&;/D — r/fca^lcSiffiS 



(14) #l¥9 - 2 5 7 8 1 1 

26 

[0 0 3 7] [HMtfJ 8 ] HI 1 4 «*^BjcDHJ60?ij 8 C 

014 (a) JC&t^T, BHttfXKcfcfl&gHbbT 
MLitrffty'J P>Mri>£&£ffiiSJI2 2*«*filc* 
nfc«R^rffiH#< 1 0 0>©yij3>|>XASSlS 
S2liLTMn. 7* h U yy77-f ypirXfc 
J:DMLfc7^hl/yXh^77^iLT> R£HJf 
70 2 2<OBfa©1BfBf*HF7k»«Cct Dlyf>yU 8 
/im?^y'j3>^gffl$tL ffiflJf 2 2 tejg 1 S 
S2 l^I«S^ttX7f>^L, ft/hr-W ^7°Ol!lf 

aii:>a:siaa*»dc-r-&i*a)««ji-c*D, 

Ui^X hSf«Lt8ii:*lXfi2 1 S/M2 7 %GD7j< 
BKfc#U*A (KOH) *»«JCT«iajK8 Ot-Cttft 
i5MX75 1 >^L, ^^5. 6/imO (111) CO 

*sa®^6^-siSfcf * Ktt<onas«2 3 £^l^ 0 

[0 0 3 8] yK\Z®kmm 2 2 SHFTKSaUCcfcDXyf 
^ >if**bfc«fc, S1M2 l^ft^X^I^Ti 
■MtU MSB 2 3*^ifmiS«±*::x»ffc^Uzi>BI 
-(»«») 24^100nmMLf; (114 

(b) ) o *Cil4 (c) fC^Tct^^, P t^X/\° 
5/^-*»ftKl«fe0- iI{:5 0nm^)jp^(:«L^ 
oSffltSI2 5*»fi)cLfc. «lBffi 2 .4 £ P t tt?S# 
MK, ilg^Tili 2 4 f ffllil 2 5 

H2 5±tc«/hr--f ^y^as^Sffi-r^Jco^vv^ 

50 (CJ: 0 P t A («/Jn?V y#*4Ji) 26£500nm 
(DrnZlzmfcLZ: (H14 (d) ) . ftofStLT-H 
P t - 2 7 0 (X5l • ^A^t >y hftS) 

t^, 2 0 n m/m i n 0)|&MiSlgT#>^ #£fT^fc. 

l/yXh^«SLfe (014 (e) ) . 
[0 0 3 9] *{:S21«2 8 tLty'J 3>»)IA$ 
if CKD^BICC r 5 nmiAu 10 0 nm^ 

40 4K2 lM«o#ffl«SI2 5a»/hf^7/WI 
2 6 d:»2S«±^I2 7 <h€r-ffi*^fc-&LS»L 
&. aa^BRJC ft l«ffi£SB2S«<Z«®K:iEa€:ijn 

P t t»^I2 7®Aut*e&L»fiLt (0 1 4 
( f ) ) . 

[0040] ccom, mmm 2 a t&i^mmmm 2 5 

i©#ffi*>6 3l*M*<-rcik:J: 9MMUI 2 4 Ji<£<&o 
§11112 5fttf*/M^ 7^SM2 6©*S»§ 
JB2 7_LlClE^U 014 (g) lC7ST«/Jv^-y^2 
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[0 0 4 1] ±3CLfc^ffi»CJ:0fP«U*:«/hT--< 
29^SEM (ttSl^iai) ti§L^(i:^5, 

WSy K ( r e p 1 i c a t e 

d shape) 3te***tt¥JK:*J«£nTt>5 

Sffi*¥^te3 0 nm£tTT?»oJfc. 
[0 0 4 2] *HJS^JCO«/JN^^ 7^2 9 iffl^tST 

To 3 OttA-f 7XBliPffl««. 3 1tth>*;i/ 

ttSKJfHBIslK* 3 2SXYZl»fflK7'fA-, 28fi 

K£h 3 4ttXYZ«ffifth?x7$TT*S, 

/hf>r ^y°2 9 tea** 3 3 *t(Dpa*a£n« h >*;u»«e 
i t 7 £»£T*fttBu i ta«— j££&s<fc 

3 C7 >f — H A y ^ W\ X Y Z MSib fcfX 7iT 3 

LTffl^fc. "SSiC, XYZ(Miei!/* : F3 4©X 

STMWlit^§. CK58iTK»3 3tLTHO 
PG (J«EffiU»»*^^7 r-f H **©§SHBBft/t< 
7X®lnA, X^t>X'J7100AX100At 

[0 0 4 3] [HM^j9] ^SE0y9fC*5^T, S^®y7 

^t^co p t «ttff»^e>tts«/h^>r y-f&mm 

P — ^C0Jljfi5fiFffi*K*TS, HI 6RtfHl 7te*58 

18 (a) tc, »J®H£H18 (b) C^t. iSK^ > 
?l/A-ilTH gfbS'U =i >Kj&>5£:5^U p >^ 

f:o CC1T\ 4 8ttT i tP t a> 5 , 50fi 
P tl^ftaWcCoP tlttfWb^^S/hT^ 
7\ 5 3UX8ftyijD>||, 5 2tt'>U 3>»?XAS 

[0044] 0 16 (a) RfbtfXiCcfc 9 

Stf b IT«L fc-Kft ^'J3 >BW> 6 ft * SSI 4 2 
***jS£ttfc»ft#ffiffi3&*<l 0 0>CD~>'J n >^x/\ 

2 <Z)j?rM<Z>@#r£H F DX7f> 
8/im¥^^)yU3>^l[±j^tt 0 i£fH/f 4 2 
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**ttXyf>^«f:»LTXyf>ifitt*»^ 7 

BKb#U^A (koh) 7kiS«{wT*KrfiiS8 or-c^a 

«lS^ttXy?>yL, m$5. 6{im(D (111) CO 

[0 0 4 5] ^fCSISS 2 £HF7jcjgffitC<fc9X-/^> 

**E^fclK«MbXgK:J; 0 5 0 0 0 A^)-iftyU n 
>«*>6>&saiBfl4 5 SMLfc (B16 (b) ) . 

S««n^tT, «/hr-f y:7*#dtT*Jfc«><0ltS! 
(D'm^-< y 7ftffi<D&m*m £ £ 0 /h $ < T£ C t ffl 

0, JR^ftbfcxBt-fbS/iJ 3>Ko»$S«»T5u<t 

[0 0 4 6] &IC0 1 6 (c) t*-TJ:3«C, HJIEiflRt 
.Jf±lCP t £S£lK*iiK:«J;0±®k: 1 0 OASKL, 
W Ptl44SML, S6lcft/hT-fy^»»tWC 
oP tMtt#*XAy^ffiKl«J:0, ^IC5 0 0 nm 
)«L8tt#I4 7t»)«l/fc. Ptl4 4<h-iftv 

U3>at3&^63tt**Miji4 5 «xsk: 

TiMiJltP tJKo*ffi*6*m-r-*c:i:««^l«T* 

7^77^ 7 P-feXKJ: 0 l/v* h&/^— x>£f U 
|£:7* hl/yX h^77^^LTP tK44, ISStt-frH 
4 7 £A r-r^->tC^0-f^->^ — »J >^ (Ion M 
i 1 1 i n g) U 7*hUz>X h£:R$SUH 1 6 
50 (d) {c^TcfcotCA^ — x>^Lte^M<0«/J^>r * 

[0047] ^ ^ nts 2 ik 4 

9tLT* y'j3>-)XASffl^fc. S2ISI1 gib 

>^W\*— <7>KEco— fiB3^/t^— x>i/$nfc*{b->U 
3>il5 2StfxBffc>'U3>I5 3*»«Sftft->U 
n>^x/\ c fc0^'5o ME»K^>?-UA*— 5 l cog* 
mlZT i 5 0 At P t 1 0 0 0 A £Jt^K*ffi£«fc 0 JH 

*iiiT»i«ii, i acxp t ^y^- huyy 

40 ^y^ynirXtx>y^>^fCcfc0/N o ^--->^L, S 

[0 0 4 8] &\Z, ^11S4 l±©»tt#Jl4 7 tfg 
•2SS4 91^l4 8i«i^tL, Ig^^rfT 
ofc (HI 7 (e) ) . SE^tt*l*tEtS2*«0» 

DPttCoPtt^Ift^ftSn, W14 7 
t»Si4 8*«&L, *U£«<!:ff2S««;M£«&lC 

«>aJB8Ji4' 5 t P tl44 t^Wbffi/jNf^ 7 7'5 
50 O/OSftMU Ell 7 (f) C^tP tl«4 4SWt*ai 
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[0 0 4 9] #fC, TklMtrtU ^A/K^M^ffl^fclSII 

*HF**«{CTI»*Lfc. C©cfc3KlLT«/h7V y 
7°5 0SiI*>fWV5 l©g**Oft'&«±JC* 
U ggl^ l//t-(7)-g^y U ^ >y □ ^ ^ 2 4 
KB5££ttfc:7n— :/*»fi)rc#fc (Ell 7 (g) ) o 

[0 0 5 0] *Rmon&JjfelzJ:Qft&l,frMFMm 
©^o-/T11 8ttftoft/hf>f y^^>fl/A- 

— «ttad«©»©u— if— oki**»ik*>^u 

ItR^ffli^^o £Slc> »tt#»<0*flS**P til: 

ptin mi 6 (c) ©f^BxsfcTfltjPftiBK-rs 
d t iCcfc o , * 6 fc^Mib-r^ c ^^pJIET* £ - 1 « 

[0 0 5 1 ] fP«Lfc*5SK^»/jNx>f y^lOSSE 

^ > (o»a«ia^rttx y ^ y^izx^^rzm tr ^ ^ ^ h 

co^t^^r^^^lfe^^ (replicated sha 
pe) ^WL, 5feSBd*«WJC*fi!c*nT^S«/hT--f y 

«*sslt^s. em^cto, sika^ua-^od 

[0 0 5 2 ] *5SKO^D— 7£JB^T\ TbFeCo 

0*fiJB»fta>^t*«kab (FM (Frequenc 
y Modulation) «fcHffi) , JtBttx-Y X ^7 
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[0 0 5 3] [*SfiMl0] (10.0) IJfi^Sil 
S i ttflsJK 3 0 3 )*« 0 . 5/tm», SO 
S I**»DI3 0 7*«1. 0Mmf1!»fiESftTWS 
OI (sill conon insulator) 3S1£ 
lC*fLT, LP-CVD (1 ow pressure 
10 chemical vapor depositio 
n) SIC*D4ft>'" , J3> (S i N) K3 0 840. 2 
/imSMbfc (02 0-a), Si 0 7 \t 

JginfifO. 0 1 Q • c m&sT<Dh<D&m^fzo #CK, S 
iS«3 0 3*xs/^>y-r*fc«>K:, 

>^tc<£ 0 S i NI 3 0 8 £A 0 d7— x>^L£io #cfc\ 
II©S i NJBI3 0 8 Sr^ffiXy^^B^U tt^T 
S i 0 7 ^7^h'jy^77^-tX7f> 

J: 0 1>/X— 3 0 2mzrt&— — >ifLit (i20- 
20 b) o l/A- J^ttte, I$ 3 0 0 Mm, ifI6 0MmC7)fi 

U vy77^-t7/ty^-I*IC < t: 0 P t d^Sa^Si 
S13 0 4«LL SfcHBi:W1-3 0 2Oi* 
SBfc: h>*;i/«8K5l#fflLffl<Ct««iB«3 0 6 
£: (H2 0-c) o mzW^J y^*ffi5ELfc. (1 
0 0 ) H^ffiCO S i Sfi 3 1 lf:S i gKfcJK 3 1 2 £ 
0. mnSMlfe. ^^S i i«3 1 2 »IT 
7* V U V — «hXy^ L >^*ff^. Ii6//m 

50 Kl<fcO»a«»*exy5 L >^*fT35:^, B8P««ci£tf 
7* y H*<0|H»3 1 3 SJgjsSV^ (H21-a) . * 
tC\ *tR*BHF*«K:SbS lK-ftlK3 1 2**»» 
^Lfe (H2 1-b) o CcoSS^SHfclfH^ 
T^MiibTSS±SfC 10 0 nmSS i &{L;K3 1 4 
(B21-c) o «^T, S*±tC»/jN'r^ 
7 7°ffflt$)§Au 3 1 5 £ 1 /zm/PjSJBtL (02 1 - 
d) , u0l3 15^7^h'J7^77^-^X7?> 
^fC£9A^-x->^U »/h5V 77 3 0 5£^/&L 
Ac (gI2 1-e) o &tC\ l/A-3 0 2»S^nt^ 

40 ^Sfica/hf^7 7°3 0 5W«Snt^5Jffi^fi 
■ B-^^fT*^, Wt-3 0 2±^l3 0 4i« 
/Jn^V 77 3 0 S fiM^^ofcchC^T^SStCEE*^: 
jDATffi#<Btg-&£ffo£: (H2 2-a) . Pi 
»«£3l*«Lfc<hCJ5«/h7->f 7 7°3 0 5 teg^Ji 3 
0 4-k\Z&mzBf&£nT^tz (H22-b) . 
StR<&W\*— 3 0 2ROiS/hr'^ y 7° 3 0 5^JS®±tc 

(H2 0-d) • XS^KB^TKRft^UOA* 
C « L X $g A«k A^r i7T>^ It «: o ( 1! 2 
50 0 -e) o Iyf>m BUiLfcS i S^bffll 3 0 3 £ 
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BHF»*T*«HS5fcLfc. *LT, S5l:8*^5X 
Vfflg£fToT#U<5 FJI3 0 9£B*5SU l/A-3 

0 2BS^^|#:€^^:L,T*:^sj^y a D-y 3 1 0 £t# 

>t (B20-f) o m— s«±(c7°d— 

[0 0 5 4] [^SS^J 1 1] SJfi^Jl OiBSt:, so 
I*ffilC*fLT, SiNl3 0 8 ?:0. 

(i20-a) . S i#seil3 0 7WM0. 0 

1 Q ■ cm&T&hCD&m^tza M^TMMM&S i N 
13 0 8 £A e ^-~>^U 3tS<£>S i N13 0 8 %± 

ix7^>^i*im si*eai3 0 7$7*h 
U y^77^-^X7f>^ct t) u/t— 3 0 2ttK:/\° 
? — ->lfLtc (02 0-b) c Vn—I&mts fi£2 

0 0 Mm, *I5 0 /im^IWdiLL I/A- 20 

*»^«fc t) A 1 3&>S 3 0 4*»l*l,fc. £fe 
PIP^c W\*-3 0 2 ^ffijffiSBtc: h>^;u*8S5l#tBbffl 
<Ol*E«3 0 6'6»filEbfe (B2 0-c) . ^K\zMm 

m i o tmmfcjjfe^TTk/i^ yy°3 o 5 *fpj5£bfc. 

f^;7ttfil:ttPtS:fflWc. M-3 0 2^ 

^-5a«offi«^fc-i3:*ffft^^ l//\-3 0 2±cDtg-8r 

1 3 0 4 tlR/hT-^ 7 7°3 0 S^B^ofcchC^Ti^ 
*«lCffi;fr*SDATffi#<0&££frofc (B22- 30 

a) o m^m, m&9L*3\i9»L1££Z.*m&T4 

3 0 4±fc£|FFfc*fiE3nT^fc (022- 

b) . &fC, SS© U A- 3 0 2 S^hr ^ 7^30 
5»ricffi±fC«aK<fcLT#U^ 5 KJI3 0 9 * 5 Atm 

mwi&^tz. (020-d) o &tc, mucomm^y^mt 

ofc (B2 0- e) o lyf>^ KtBLAcS i ftfb 
H3 0 3*BHF»*t?»)W»4bfc. ^tt, 

7 ? 3 10 (B20-f) o *Hlffi«|Ttt, IrI— S 

Sitc^n — 1 6^ (4X4(Z)ThU^77tt) f£j& 
L1tifi£<D'7a — 7% U— it*— BftttCcfcsaSftlcts^i 

[0 0 5 5] [USE^J 1 2] *M^J 1 0 fcm«fc, SO 
iSSiC^tLT. S i NJM3 0 8*0. 2 /zmffML 
rc(II12 0-a)o S i*«6»Hl3 0 7f4«tfi«0. 0 
0 5Q • cmHTCfeCDSffl^fc. Hfc^TSffiiMOS i 
Nil 3 0 8 — — ^®<7>S i NK3 0 8 £ 50 



#&8¥9 - 2 5 7 8 1 1 

32 

4IIyf>^l»ilfc», Si»8M3 0 7*7* 
hUy^77-r-txy?>^l:J:0 l/A-3 0 2«tc 
/1^ — ->^Lfc (02 0-b) o Wt— fi£ 

-3 0 2COft«W:, 7*h'Jyy77>f-H*>t t 
-A7A a 7^-lf}a^Au (±1) Stf P t (T 
Jf) ©ai^6a*«^i 3 0 4 SSricLfc. SfclRlB* 
tl/A-3 0 2<0*!l*»K: h>*;b«85?lfaiLffl©« 
@I2^3 0 6 «:®fiEbfc (H20-c) . ^(C*JS^J 1 
OiB*ft»ST?t/hT^ y^3 0 5«fP*Ufc. »'h 
y^»»fCttI rSrffl^fco #Cfc* Wt-3 0 2# 
M^ntt^^IS^IS/hT^ >>7°3 0 5«$tiT 
tr>**«©&«^tol£*fTfc^ VA-3 0 2lOg§ 
13 0 4 fcft/h^^ 7 7'3 0 5fit^^fctu5TiS 
*«{CJE*J«rSD^.TS#OS-&S:fTofc (02 2- 

a) o WStE&SISiaUfci^^a/J^^ 
f«&13 0 4±tC&fftC*jfc£nT^fc (02 2- 

b) o #ClC, 8^^-3 0 25^x^7^3 0 
5»«H±lC«g[llltUT#U-f 5 F1 3 0 9 * 5 /zm 
jp^^Ufc (02 0-cl) . &tc, X«a>Kffi**»ft 

ofc (02 0 - e) o X7f>m HffiLfcS i BMb 
M3 0 3 *BHF»ttT , »#Jfc*Lfc. tit, S 6 
ii^Xvffli^fifot^U'f^ KB 3 0 9£P£S 
U I/A-3 0 2SIl:SiS«aLT*^O^D- 
^3 1 0£t#fc (02 0 - f) o *HM^JT«, H— * 

[0 0 5 6 ] [^gJEflil 1 3] Sffi^J 1 0 ^feJfllCtEML 

02 3 t*«SO*SB5*fiERrXyDy^BI**T- £A 
T> H2 3fcfc£rJ^TK9Ti-*. E»«#7f-^3 
1 6±<&iS»i*#3 1 7 trM[S]^ii-T-7 0 D-^3 1 8 * 
MMLfzo 3 17-1 teififfilBSJl, T±i^m<13 17- 

2ummzmm3 1 7 - 1 fc«EE*fflftrr*fc#<Dfca> 

T&£o 3 17-3liIST»5. -»SIEgi3 17- 
ltt, «/hf^ 7 7 8 3 1 9 £<&PflK5i^T* h>*JMl 

#«SWBI««fcD&*. 3 2 0ttt* 3 2 1B1«7> 
7°1:\ 7^^03>k 0 a-^- 3 2 2 «I^tlT^ 
G»]K#3 1 7^co«$8<7)52®S^S^f^ffl-r 
£ 0 E»tt*Xx-^K»««l3 2 3±C083»i«frXx 
-y3 16H 7-f^D3>ea- 37— 3 2 2£J:5Z 
;£|Bjffi«MWiHlft 3 2 4, X-Y^fnlffi«*JfBlBlK3 2 
5, 3^)1 hft#J»lHltt3 2 6, IHSEift WIWEIK 3 2 7 

cfcoTWwanso yp— ^3 1 85feastc*fLT«, u 

-if- 3 2 8 3&<B8»*tl, ^-<OKi*)tS2»«-fe>tl— 

3 2 9-e§#U 7tt>^«^tB^®3 3 0t7"D-7 f 3 

1 8 cofc*>^«*«»"r*. ^^^> 
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e^L — 3 2 2&Z«— 3 3 1 tCitbtl^o * 
*Jfe0JOE»iK#3 1 7tt, H3?^^X*S3 1 7.-3 
©±tcTSa«S3 l 7 - 2<kLtxaiK*Si:J:oTA 
u^3 0nmISlfcE f^itlLB (^>^^zl7 

3 17-1) «LT(tSlL K±SbJfcE»W£ 

mm\zmmmi 0 7?*SLfc^n-^3 1 satfEaa 

1*317 £j£«U 4#fJ0S6 3 - 1 6 1 5 5 2^$BlC 

r> E»«#3 1 7^±fE7 c n-y3 1 8T«SLfc£ 

CttfTf, Mi8n«<Z)E»l*fle3 1 7^<D#* — z?\* 

^T, EfijK#3 1 7**3tLfc3&*S* VL'^t 4 v 7 3 
1 9 iTlg3 17 - 2HJK:«ffi€:/^*ttfcHJinL 
fco «EEH3jJDtt3V, i5 0ns^;^^C0^MT 
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